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Titlo of Thosles fho I^evolcptaent of a Method for Predicting 

iitatleal Stability of a Vessel In Preliminary 
Design. 

Naaee of Author©* Edward C. Thon^sono 

AuBtln E. Huhbard 

Submitted for th© degr®© of Knglnoer In tho Department of 

U'lTal Architecture on May 18* 1951* 

Tha authors have developed a procedure for obtaining ft 
workable method giving satisfactosT accuracy in preliminary ©hip 
design for predictii^ the curvo of statical stability of a vessel 
when only the printipal dS^.encions and hnll oo off! cl onto of the 
vesBol arc knoim. OSse stability data upon \thieh the development 
is based was obtained by mochsnleally int^ratii^ a parent hull form 
fpoa Taylor ^ 0 Standard Series and expanding the resulting righting 
arm data to cover a range of ship foms. 'The ae^ds of data eiqpmi- 
©ion used were those suggested in the 19^9 Ihse&s by Church and 
Dobinson mtitlcd *’She Sstimation of Transverse Statical Stability 
from Fom Coefficients and Principal Dimensions”* but modified as 
considered desirable to improve accuracy and convenience of applioai- 
tion. 

Tho principal advance in thie thesis beyond previous similar 
works is tho manner in which the present authore have integrated 
the aecu^3ulated stability data into a practicable method for stability 
prediction. Thin is brio:^ as follows* A series of stability par&» 
meter di!^rams wore devised ftpra vMdi values of a dltsensionlCBS 
rioting arm coefficient may be solocteS using as arguments para» 
meters draft/depth* depth/beam and longitudinal prismatic coofficiento 
The rioting arm is then determined by the following relation* 



wh©?® QZ ia the righting am In feet 

la tho dlmensionleas righting am 
coefficient obtained fros\ the diagrams 

B la the ship's beam In fest 

KG Is the vertical distance from the bas«> 
line to the estimated position of the ship's 
center of gravity. 

0 is the angle of inclination 

By plotting th© derived values of righting am versus the 
corresponding angles of inclination a predicted curve of statical 
stability may be drawn. 

!£he effect, of sheer is Introduced into the method by eorreetlzc 
the actual depth of the vessel a^dships by an ei^rosoion developed 
by the authors for this purpose. 

Curves of staticel stability predicted by this method showed 
satisfactory agreement with conventionally constructed curves for 
ships within the range of hull foyms for which tho stabili^ data 
is considered of suitable accuracy. 

Ihe thesis is conclude by recommending certain refin^ents 
of procedure v^ich the authors bolieve will produce a method for 
predicting statical atabill.ty in oreliminary design with satis* 
factory accuracy ever any desired range of hull forms. 
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In prnpaxli® the proHnlnary design of a ahlp, the first 
ob^eotlvo Is to establish the displaoeaent* the principal di- 
mensions and the coefficients of fom that will most nsarlj 
provide the prospectivo ship with certain prereouisite eharneter^ 
i sties. Ihe closer these values can be orodicted in the earl 7 
stages t!ie fewer will be the changes ronuired later* and the 
efficlenoj of the vholo design procedure will be Inmzpved. Kethods 
are available for estimating the power of the propelling maehlnezy* 
weight of the ship* stmctural strength* initial stability* carrying 
oapaeity ai»i other important items prior to the delineation of the 
lines, ^ero ie* liowever* lit^e information that will enable the 
designer to make a satisfactory prediction of the station! stability 
cheraeteristios at largo angles of inclination at this stage of 
the design procedure, ^therefore the ability to mo^ satisfactory 
predictions with respect to most of the specified characteristios 
is somethat nidlified by the possibility of chax^os rootaired at 
the oompletion of the traditional stability oaloulations. To ob- 
viate thJ.8 situation a eatisfactory method of predieting statical 
stability ^reetsrlstles befor® ashing the lines drawing would bo 
invaluable. It is the parpoeo of thseie to develop such a 
Qfithodo 

The stability of ships hsa been considered a very it^rtant 
and aonetdiat ©luelve ship ckaraetf^rlstic, I^erous methods* analytical 
and e3^ii?lcal* hcivo been proposed for ostinatlBg statical staldli^o 
To acsualnt the reader with tho current status of the QUoat for pre- 
liminary design otability data a reeuul of methods applicable to or 
speoifieally originated for tiie solution of the problem is presented. 



Kaong the purol/ analytlenl raethoda vere the fox«iii7.si9 of 
Dr. Relnridbi Shi3ltB» published In sdilffbau ih 1920 for the 
purpose of detemlnine the ordlnnteo of the stability curve e 
the mnadeum righting am aid the raz^e of stability. &«. F. Ale- 
?aan in an M.I.T. Thesis in 1933 titled, "Reviev of an Analytical 
Method to Calculnte Stability^’, apolied the ShUlts fomulas to 
teerchant-type vessels. The resulting curves, %^ien conptired vith 
the cx&rves computed from the designs showed fair similarity with 
the vessels floating near their load water lines, Messrs, Guney 
and Dnel in an M.X.T, ^esis In 19t4 titled, “Dovelopment of an 
>jouation Based on Koll (^aracterl sties for the Angle at tdiich Hasd- 
atna lighting Am Occurs*^ apolied tlie lichultz fomulas to naval- 
type hulls but were unable to arrive at satisfactory results without 
the ufio of es^exienl coefficients applicable to the type of ship 
in ouesUon, 

An»ng the best lotown of the analytical rae^ds in the United 
States is the forciala of J. C, Hiedemelr published in Transact 
tions of the Society of Naval Ardiiteets and Max'ine liinginoers in 
1932« fbmula givoo the ri^tiii^ am as a function of the 

initial transverse toetaemtero the angle of inellnation, and the 
initial metacentric radious, The author claims good accuracy from 
the formula in oonotructissg the curve of statical stability ^ to 
a masimuia of heel, or to the angle of deck edge immersion 
if It occurs at loss than 30 ® heel, for th© ‘’usual merchant 9hlp^» 
This forsula my be employed in preliminary design in conjunction 
vitii methods of estimatli^ 6?! and as given by Prof, 0, C, Hanning 

in IhQ 



n. H. Burgess la a paper entitled "Stabilltar Coefflclonta"* 
published In the 194^3 Tran8aotlon^>f the Institution of Haval 
Archlteote proposed a uethod of estlcaatlns the statical stability 
curve of a veseel In the prollolnary design atege* The method for 
Its application reoulroe onljr the knowledge of the principal di- 
mensions and bull coefficients of the new desigi^ plus certain sta*- 
bllltgr data on a tobboI haring lines slnilar to the reeeel in 
Question* The author prepared the recuired staMlltgr data for 
tventj’-flre dlfforont reesele to i^rovlde a basis for epplioation 
of the method* ^ procedure is to determine for rariouc angles 
of heel the buoyancy lever* £R« of a prism haring the some midship 
section shape and area as the design in ouestlon except that the 
depth of the prism is Increased by l/3 of the moon deck sheer of 
the eorrosponding chip* The ratio of BR for an actual ship to the 
BR of Its correspondii^ prism ibr a design haring sitailer lines 1® 
then selected for the various angles of heel frcm &e tabulated 
data on the twen^»five ships previously mesttiorsd. The tabvalated 
BR ratios sroltiplied by the fo? design in question at the 
various anglee of heol give a BR for the new d@£ign* ^sn ^e 
rioting am* GZ ^ BR * BGsin&o KB and K6 t^ust be estimated by any 
conveSifteat method* It is recognised tliat the accuracy of the method 
depends largely on nearly goometrically oiailar are the new 
deeign and the parent ship* author gives m Indtoatione of 
the d^ree of accuracy b expect in general ease* 

In 1947 * a paper ©s "Residufiry Stability* by C* w* ProhaskBo 
Professor of Naval Architecture at the Technical University of 
Copenhagen* was published in the Traiis actions of Institutl^ 
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of KaTel Arohltocte. Herein the ri^tin^ ana i» considered to 

he oontpoaed of tvo parts* one part* OM sin 6* depending on mota* 

$ 

centric hei^t* and the other* MS* the "residuary etuhility am"* 
where ?1S ie the perpendicular dietanee from the line of action of 
the force of huoyaney in the inclined position to the initial 
transverse ootacenter* This nethod io similar to the Niederoair 
formula and may he used under tho sme oonditione. 

Xn recent years investl|!*atorfi at M.X«T. have pursued tho 
prohlem of determining statical stability charaeteristiee in the 
prelimtnai^ design stage prior to delineation of the lines hy a 
□ore direct approach, 13^e procedure has hecn to eeleot rorioue 
parent hull foroe and vhlle varying en.«^ in eome oyetemtitlo manner 
to integrote for rit^tisg araa at oeveral cn^es of inclination. 

The data obtained froQ these hull aeries has been plotted for use 
in estioatlng eurvee of statical stability for vessels in the pre> 
liminary design stage having hull ooaffioiente mA geonetrieal 
diaracteristles oomporable with the parent foroe. The major differences 
in these methods have been the manner of delineating the parent bull 
forme and the parameters ueed in plotting the derived data* 

At M,1,T, the method of predicting statical stabili^ charac- 
teristics from hull coefficients by using data frro stability eal-» 
eolations on aystomatioally varied hull eoriee vr.e commenced by 
flessrs. Rninesy and latlmer in 1945* Their hull series were of purely 
geometrical construction* consisting of transverse sections of 
triangular* elliptical or rectangular underwater portions and vertical 
sides above tho load water 11ns, All hulls had the sane profile* 
which included sheer, A number of hollo were integrated to eorer a 
range of hull coefficients sufficient to test the resnlto on various 



^es of aaval vessels for v;hich the method vaa prlranrlly In- 
tendod* Zn general, the shapes of the derived eurreo of atatieel 
stability compared favorably vlth those conatroeted directly from 
Vba vessel* s lines the naual proeedtire. Ho\«flver, the derived 
vnlnes of smudGnam rioting arm varied from several percent to about 
twenty-five percent less than the values obtained from the actual 
designs* The authore state that mos^ of the differences could be 
traced directly to the large amount of flare or tha unuoually vide 
stern of the hull under consideration* ^s sounds like Reasonable 
explanation, but the manner in which it was deduced is not clear* 
Further, this thesis emphasises the fact that the derived data ehould 
only be used for ships geomotrieally similar to the parent series 
and that whereas the method is not accural for obtaining absolute 
values of righting arm it is ballevod to be good for determining 
the effect on lighting arms of small changes In design dimensions 
and coefficients* 

Zn 1946 HcKay continued the work of Ramsey and Latimer by ob- 
talnli^ cross curves of stability for one of the original hull forma 
by varying the draft to depth ratio as had been suggested by the ore- 
rlotts investigators* McKay believed that within liminatlons of the 
original thesis his method of developing cross curves, if extended 
to cover the range of hull coefficients found in normal ship forms, 
feould nrovid© a means of predicting the stability curve in the pre- 
liminary design stage. 

Concurrent with McKay's work, Messrs* Kelley, Jones, Crawford 
and Gooding in an M.I.T. Thesis entitled, “A Method for Predicting 
Statical Stability'’ concluded that the development of stability data 



frota sorlda of geonetrlenlly«>related hulls w«is the most nrAmlalng 
method of prodlcting the statical stability characteristics of a 
veaael In the preliminary design stage, but that the artificiality 
introduced by emnloylng regular geometric shapes for transTerse 
ship aeetlona resulted in the inaecuraciea found in Ramsey and I<ati« 
raer*a method* After rejecting the use of actual ship-shape forma 
on the grounds that it vould be difficult to determine the cause of 
variations in the curve of statical stability unless only one hull 
T>arameter was varied at a time, the use of hulls delineated from 
Taylor's Mathematical Iiinos was decided upon* Two such hulla were 
integrated for stability data holdii^ the longitudinal prismatic 
coefficient constant while varying the block coefficient* As the 
data prepared by Messrs* Kelley et al* wae not of sufficient scope 
to be of general use in r>rodlctlng statical stability curvoa they 
euggeated that the work be continuod in the same manner by aucceeding 
invaatigators* 

In a theaia cornnletod in January, 1948, titled, **A Method of 
Predicting Statical stability from Hull Coefficients", Messrs. 

Randall, iitark and Meyer continued the work of Kelley et al. by de- 
lineating six more hull fo3nas from Taylor's Mathematical Lines* In 
each of the six parent hull forms only the longitudinal nrismatic co- 
efficient, the block coefficient, or the uaterplane coefficient was 
varied from the original design* iflach of the parent hull forma was 
then integrated for stability data while systetaatl colly varying values 
of the beam-to*draft ratio and the depth- to-draft ratio* From tho ra- 
suits statical stability corvee were constructed and conmared with the 
carves for actual vessels* In general, the shapes of the predicted 
curves were of the aomo general nature as those of the actual curves# 
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"but the Taluee of mslaraa righting arm were greater than the actual 
righting arras, up to anproxiraataly 15^ error. Moaare. Hnndall et al. 
concluded that their method enabled the prediction of an approximate 
curve of statical otahllity for any vessel with hull dimensions and 
coefficients falling within the series. Whether the terra "hull di- 
mensions* ie intended to raean geometrical similarity is rnt clear. It 
would appear that in addition to the renuireraonts of liltn dimensions 
and coefficients, geometrical similarity fU.so Is a neoeesity for oven 
approximate results. l^Urther, it is claimed that the data permits the 
prediction of changes in statical stability due to changes in hull 
dimensions and coefficients. As the range of dimensions and hull co- 
efficients found In normal hull forms still had not been covered, con- 
tinuation of the investigation in tho same form was reootesended. It 
was Iturther reeoameaded that the effect of sheer, the shape of the 
above-water body, and the shape of stem sections be inveatlgated. 

Later in 19^48, in an M.I.T, thesis titled, *A Method of Predict- 
ing statical Stability for Hull Coefficients", Messrs. Taylor, Hallan- 
tine and Beits continued the study of Xelley ot al. and Bandall et al. 
Integration of two more hulls was comoleted, ashing a total of eight 
in all for which otability data was now available. In erdor to pre- 
sent the aeoumolated data in convenient fora it was plotted as a set 
of contours of 02S/B versus tho angle of inclination and a derived para- 

O 

raster C^VO^. Inconeistenoiae developed in tho contouro when plotted 
in this manner which Taylor et al. believed were due to Inoonsistenciee 
in the variation of the coefficients of tho hulls previously developed 
resulting in a series of unrelated hull fosms. Ihe authors therefore 
concluded that tho bull forms taust be truly related in order that the 
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data obtained might be ooirelated nnd plotted In uoofol form* 

IhiB led to the dOTelopment of a nev aoriea of h^iLl forma 
ch^aotorized by a uniform Tariation in hull coeffleienta» 
of ‘-hlch six hulls were delineated by means of Taylor’s Hathe* 
oiatical Lines* Aoparontly time did not permit the Integration 
of the nov series of hullo to obtain stability data* The au^rs 
reoonnendsd integrating these hulls and continuing the oursuit 
of the etaticnl stability ounre by means of their method* 

In Messrs* Church and Robinson continued the work of 

predietins statical stability In an K.I,T* thesis entitled* "Uie 
Estimation of Transverse Statical Stability from li'orm Coefficients 
and rrlncloal Dimensions**. As suggested by Messrs* Kelts et al* 
they Integrated for stability data the six hulls previously de» 
llneated from Taylor’s Matheaatioal Lines* This, plus all available 
stability data from past theses, vas then plotted on a concion baslo 
in an attempt at correlation. It was found Impossible to combine 
data from hulls of various characteristics into one Integrated oonv» 
pilatlon that could be used for the practical dotermination of sta» 
tical stability, from this the authors derived the conclusions thati 
(1) the Kelts parameter tms not a suitable coordinate for 

use in slotting statical stability and (2) that in order to present 
a comollatlon of stability data in a usable form the data must be 
derived from a series of hulls belonging to a geometrical family which 
ie allowed to Vrsry only in one major characteristic at a time. AccoT- 
dingly a new oories of stability hulls based on Taylor’s Standard Berios 
vas commenced. By ingenious longitudinal and transverse expansion pro- 
cesses Church nnd Robinson derived stability data for twelve different 
gooraRtrically related forms from the integration of one parent hull* 
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In the belief thnt pr<=^ 0 tt 3 ljr used par^etnrs were unsatisfactory 
for use In plotting stability data the authors became Interested 
In the resldnsnry stability lever method of Prohaska* Their data 
plotted In this Qanner gave fair curves and appeared to be a 
practical solution to the problem* Accordingly the recommendation 
was mmle to continue the work along this same line* 

Zn continuing the work of developing a method for predicting 
etatlcal stability of a vessel In the preliminary design stage 
the present wrltere commeneed by making a comprehensive review of 
the foregoing theses for the purpose of diacoverlng* If possible* 
reasons for apparent disagreesient among the various authors* Psr> 
tloularly It %fae desired to find the b'^.sic parameters best suited 
for presenting statical stability data in a fom that can be readily 
used In prellmlnai^ design work* and to decide anon a basic ball 
form that would be siii table as a parent for a eezlee of data* 

It hae been concluded that the primary reason for inability 
to succeesfhlly Integrate the data of all past Invastlgatore into 
one aeries Is* as Church and Robinson decided* due to the intro- 
duction of too many vnrlablee when a heterogeneous group of hull 
forms Is used* 

Zn order to plot data from various sources on a connon coor- 
dinate system the parameters used must represent all of the factors 
Involved In the relationship between dependent and Independent 
variables* As ax>plled to stability data If the righting arm le 
the ordinate the parameter used for the abscissa most Include all 
factors Influencing stability that are allowed to vary under the given 
conditions* and furthermore all factors Included in the abscissa para- 
meter must be unique functions of each other. Zt was possibly a reali- 
sation of this theorem that prompted several previous Investigators to 
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conolu&« tbat hull fonas analyaed for a compilation of staMlity 
data must be geoaetrically related. *11107 not only must be geometri- 
cally related* but \uhen the oarent ehnraetoristice are Taried the 
Tariation most be completely expressible by a single parameter. 

Xt has been farther concluded that if a truly geometrically- 
related series of hull forms is employed in deriving stability data 
the results can be plotted in a satisfactory manner using only the 
elementary dimensions and fora coofflcionta used in the usual defini- 
tion of hull charaeteristice. 
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In rlev of the foregoing conclusion? rel.^tlTe to the 
noce salty of einloyltv' a geo’natrlcally related series of 
hull forms attained by rarylng only one hull parameter at a 
tlne« it flrat became necessary to decide which and hov many 
of the varioue hull dimensions and coefficients are necessary 
to sufficiently define the form characteristics contributing 
to statical etability, and then to detemine how best to allow 
these narameters to vary in changing the shape of the hull* 

It Is of course well known that statical stability is 
determined by Just two basic factors* (l) the position of 
the center of buoyancy of the oortlon of the hull immersed 
at a given angle of Inclination, and (2) the position of the 
canter of gravity of the weight of the entire ship, Iho latter 
remains fired with respect to the hull as lor^ as no weights are 
moved and nay be aif^oroxlmated or determined by well-known methods. 
It is the influence on statical stability of the position of 
the center of buoyancy that we are interested in here, i’or any 
given attitude of a ship the position of the cantor of buoyancy 
denends entirely upon the shone of that nart of tho hull immersed 
at the tine. Therefore in order to cTureas statical stability In 
terras of hull dlraonolons and coefficients it is necessary to be 
able by their use to define the entire part of the hull that may 
be immersed within the range of inclinations for which stability 
data 1s desired. This in effect is the entire watertight hull 
structure. 

In the nrellralnary design stage It la customary to determine 
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vftlaes for the following prlnclT^nl hull dlTaensiona and co» 
efficients of fora* 

LWL, length on the wnterlino 
£, aa^mua heou 
H, scan draft 
S« depth nmidehips 

SHJiSSi, Toriatlon in depth along the length of 
the ship usually giren as the difference 
between the depth aisidships nnd the depths 
forward and aft 
Cj block ooeffioicnt 
Cp longitudinal prismatic coefficient 
Cy TertieaS. prismatic coefficient 
C midship section coefficient 

A 

C,, vaterplane coefficient 
w 

Thus there are availablo ten factors for defining hull 
form in stability data. To use them all would result in too 
large a number of paraaoters for a ■nractlcable system of sta- 
bility prediction. Therefore, the following were selrcted as 
permitting a combination of sufficient dofinition of hull form 
and simplicity of iiresontationt 

(1) h/h, depth-beam ratio 

(2) H/D, draft-depth ratio 

(3) Cp • longitudinal prismatic coofflclent 
Uheor also is used as a determining factor in the final pre- 
dicted “Siijiblllty ▼alnaa, Vat la introduced In the foriti of a correc- 
tion to S/B and H/b. 
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Th« renaona for omitting some nnd including others of the 
ten f^ctora 'u:e aa follovsl Length was omit tod bocauae when 
righting arm is used as the measure, statical atability ia ii>> 
dependent of length* Beam, draft and depth are all considered 
to hare major influence on statical stability. It should be 
noted that depth and sheer are the only factors oertaining to 
that part of the hull abore the upright Wraterline, a oart which 
influences stability at largo angles as much ns the underbody. 

The only Justification for hoping to attain satisfactory results 
with such a meager description of the upper body is that for ships 
of normal form, to vhldi this method must certainly be limited, 
the shape of the upper body follows pretty closely from a giren 
underbody shape. The underbody shape in turn is of course closely 
defined by the form coefficients. The selection of the longitudinal 
prismatic coefficient as the one most suitable, was based on the 
fact that it is a measure of the longitudinal distribution of dis- 
placement. As ouch it is tiio best measure of the fullness of the 
Tarious waterplanes developed as a ship takes successively in- 
creasing Inclinations. The shape of the •.y-atemlano at .a given 
ni^lo of Inclination is a very important factor In the detemlnation 
of the statical stability at that angle. The decision not to try to 
incorporate more of the form coefficients into the method was baaed 
on many considerations, ilrst, it was recognized that to develop a 
workable method for prodlctlng statical stability in the nrellmlnary 
design Otago using more than throe Indoaendently varying Parameters 
would rrculre more time than would be available. Uecond, it has 
been observed that the midship section coofflclent of normal form 
merchant vessels varies but slightly. If the midship section co- 
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efficient 1 q a constant for various formo^the block coefficient 
becomes a direct function of the longitudinal prismatic coeffleient. 
Therefore under these circumstances the midship section and block 
coefficients taay be eliminated from consideration. Third, a cota- 
pari son of lines drawings Indicates that the shape of transverse 
ship sections has become pretty well standardised for the average 
merchant ship tsroe. It appears that changes in hull form are attained 
more by longitudinal relocation of transverse sections rather than 
actually making much change In the shapes of the sections themselves<> 
If It may be assumed that this is the case, then the vertical pris» 
matle and vaterplane coefficients become direct ftmctlons of tho 
longitudinal prismatic coefficient. Thus by a series of assumptions 
the number of Independently varying form coefficients has been re- 
duced to only one, the longitudinal prismatic coefficient, C^. 

In order to mako possible the final presentation of the 
stability data In dimensionless form draft, depth and bean were 
combined into the ratios H/D and O/B. 

After considerable Investigation Into past ways of e^roresslng 
statical stability It was decided to emoloy the simule ratio of 
righting arm divided by the ship's boom as the stability parameter. 
l\irtheroore, the rSghting arm Is here measured from the keelpolnt, 

K lnate*id of from an nssumod position of the center of gravity. 

In order to remove entirely any refonmeo to the weight of the 
shin, which Is not a factor in the purely hydrostatic contrlbu- 
tlon to stability. In addition this removes any possibility of 
confusion as to the oosltlon of an assumed center of gravity. 

Reference (S) recommended the use of the Prohaska residuary 
stability lever method of nresentln^j stability data, wiieraln the 
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righting ana, 02, la exnr^aacd In tenaa of the Initial 
raetacentrlc height and a residuary factor as follows! 

QZ K GM sin 6 + MS 

The T>r?oont authors could see no rational basis for Inciting 
Initial uetacentrle height In a method where the stability data 
Is obtained by Integration of the hull form. It appears that 
nothing is gained thereby exceot an additional source of error. 

To calculate the position of the Initial transverse metaccnter 

9 

using only the principal dimensions and hull coefficient avail* 

k 

able before delineation of the lines means determining first the 
position of the center of buoyancy by an approximate method such 
as that of Morrlsh, and then calculatli^ an aparoxlaato raetacontrlc 
radius using an assumed waterline inertia coefficient. Then the 
determination of the residuary stability lever, MS, by Integration 
of hull forms Is still subject to all of the assumptions Tirevlously 
mentioned In connection vdth the development of the present method. 
Also the r)r'’30nt authors crcfer to completely divorce metacentric 
height from the determination of the statical stability data there* 
by leaving metacentric helgnt as an Independent factor th*:t can be 
used. If desired, to check the Initial slope of tho curves of 
statical stability predicted from the Integrated data. 

As a result of the foregoing consldemtlons, tho procedure 
decided upon for det-^rmlnlng data for and presentlrv; the method of 
predicting statical stability was briefly as follows; A study was 
made of the r'ln^ge of principal dimensions '-uid longitudinal pxlsmatic 
coefficients Including tho m^*jorlty of common merchant vessel types 
and the following limits determined for data collection* 
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c, 0,55 to 0.80 
H/d 0,45 to 0.80 
P/B 0.52 to 0,90 

The body plnn of a parent hull was drawn using a set of 
offsets from Taylor’s ^Standard Series (Figure >0^). This was 
integrated for sectional areas and moments of area using ten 
station spaoings, five vaterlines and six angles of inclination 
up to 90 degrees. Although the general Intent was to collect data 
that could be combined with that of lieference ( ^ ) to become part 
of one method, it appeared that better accuracy could be obtained 
by increasing by one the four waterlines and up to 90 degrees the 
range of inclinations used by the authors of Keference ( C ), 

Areas and moments were Integrated by Simpson’s Bale and righting 
arras detorained. The data derived from the parent hull was ex» 
panded by the methods of longitudinal oxui transverse expansion of 
Reference (G ) to cover the desired range of parameters. This in 
effect resulted in obtaining statical stability data for twelve 
different hull forms each at five diff errant drafts. For each of 
those forms, cross curves and curves of statical stability (Figures XM/J 
toXKXI^were drawn to check for fairness and to aid in getting the 
data into the form desired for final pr'^sontation. The resulting 
stability dat” disgrams (Figures ll t»XVl) are explained under 
’’Results" and the details of the procedure are given in the Atjpen- 
dix, part B. 

It may aepnar to the reader that an undue number of simellfylng 
assumptions have been made in deriving the oroeedure. In answer to 
this it must be remembered that the nrimary eurpose of this method is 
to •orovlde a oulek way of approximating a curve of statical stability 
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for a ship before the linos dmwiaea hnre boon inndo. At this 
stage of tho design Drocoduro, uncertainty os to the location 
of the center of gravity of the weight of the ship as well aa 
tho lock of exact delineation of hull shape would nullify any 
attemot to attain a high degree of accuracy In the hydrostatic 
contribution to statical stability. Furthermore a more compli- 
cated method for use under the circumstances, but claiming greater 
accuracy would hardly be warranted if the labor involved In making 
a prediction thereby acnroached the work of a standard statical sta- 
bility calculation* Lastly, the proof of the pudding is in the 
eating. As will be seen later in tlie discussion of results, sta- 
bility data predicted by this method for vessels in existence shows 
satisfactory correlation with stability data calculated in the usual 



manner. 
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IV asaiMa 

The results of this thesis .-ire twofold* First, there has 
been produced a set of stehilltT’ data designed to augment the 
work of Keferenee ( 6 ) in the development of a large scale 
project for the prediction of the statical stability of ships. 

Second, there has been developed a practical system for the 
graphical presentation and application of stability data for 
the purpose of predicting the statical stability of a ship in 
the preliminary design stage before the lines drawing have been 
made. 

’ 3 a» first mentioned stability data is presented in tabular 
form in Table X and also in graphical form in the cross curves 
of stability on the left half of Figures iOTV'l to , This 

data consists of ratios of rightii^ arm divided by beam for 

Taylor's ^Standard Series hmll fbrms inclined to various an^es. 

For each hull form, the longitudinal coeffieient used was that com» 
pated for the vaterline which gave a draft-depth (K/D) ratio of 
0,625. ^ was held constant at 

Qte data is for four different longitudinal prismatic 
coefficients of 0,55, 0.6h, 0.71 and O.SOt a draft-depth ratio 
of 0,625, and three depth-beam ratios of 0.52, 0.64, and 0.90, 

Xn effect this represents data for 12 different, but geometrically 

related hulls, each having a designed draft-depth ratio of 

0.625, It should be noted that the cuzves of statical stability on the 
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ris^t sid* of ]^leur•• att for tho fopogolof 

tMlo dmft-dopth mUot. fboM <aunro« voro drewa in doroloplng 

tho ijotM of pMdietiios otatleal stabllltj idiicii sm>v will bo 

oaploinod no iho ooeoad part of tho rooultoo 

fho loooid pairt io a f^fillaonli of tho aathoTo* dcoiro 

to dovolop a nothod for noinf on aeew3lation of stability data 

to aetaally prodiot a onrvo of etatlool stability uoii« only tho 

principal dinonsiono end fora cooffleieate of a chip. Althoni^ 

tho aothod ao prooeat^ horo ic eoanloto in iteolf for uso oror 

an oxtoaeiTO range of chip forac it anct be eaphasitod that d»a 

to eortaitt accnaptiozie nado in espandisg and intorpolntiag data 

into a fern oonToniamt for mse, the aeoaraoy io probably not oo 

groat ao can bo attaiaod by ntiXlcins a sore extoneiro oollootien 

of bacie data* In other words hero vo present an idea rathorthsn 

a ooiQ)letoly finished prednet. Hovotor* ao %?ill bo ooen in tho 

dioooooioa of ro(Ql%s« oren with the baoie data sprosd pretty 

thin CMN Tory onoonragiie soenlto are obtainodo 

fho ooooRd part of the resnlto oensisto of a set of diegraas 

aoano of ^dlieh it primsipBl dictensionB loagitndisal prio« 

ntie eooffioient» and octioato of the rertioal position of 

eontor of gravity of a noreheat ship of neaal fbm aro loaown, 

a prodieted eorro of statical ctaMllty msj bo (sonetmetod. iShoro 

are fifteen diegraas oadb glrlns the relation batveon a otabiUty 

%zf 

paraaotor* 'B and tho lossitKdInal prismtio cceffieiento 0 for 

jP 

•lx different engleo of inclination* (yignres || Seoh 

diagran it for a glYon valno of drnft«dopth ratioo (b/b) and depth 
booi ratiOo (b/B). Sntorpelatien aay bo need to obtain otability 
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pajpsmeter flat* fot vnludo of H/i) niul l>/)i between tho tabulated 
Tulues. !!!he rasge of ^lip fons coYered by the eystea lsolud«« 
lOAsitudinol prlsraatlo coefficient* fponi 0,55 to 0.8l, H/D ratio* 
froa 0,45 to 0,^ ned D/B r-:>tioa from 0.52 to 0,90, which war* 
tclooted to iSoludo the s!!>Jorit 3 r of normal-forn merchant Tosael*. 

Xn addition to the fifteen dic^&m* there 1* a losgltudlnal 
prtsmatie eoeffi&lont correction oarre* th* u*» of v2tloh will b* 
described la ^e explosatioa of how to use the method for pre» 
diotias a eurre of statical stability. 

In the interest of simplification the procedure for utilisinf 
tho KiotL’iCd vill be given first without the reaeorus or theoz^^ for 
i^upiou* otsps^v.Moli will be discussed lator. Xt ia most coarenieat 
to use ill form each as used for the eaa^lo oalotslatioa in 7able 

The follovins re^uirsd prolisdnary deeisn information i* 
flrat obtained for ship in quoetiom aM entered in the appropriate 
epacos on tho upper loft side of tho forms bosa ( 1 ) » dresft (H) at 
a given dlsplaoemont (^) • depth of bull amidshipe (fi) 0 sheer a* 
tseaoured by tho increases of depth formrd end aft above that 
amid:Mp9» ^o lo^igi tuidinal priemritie coefficient eorreepondirg 
to the given displacement, ned tho estimated vertical position of 
the center of gravity of ^>9 vessel (E®) . Rost eorreet the nrls- 
raatie coefficient by ontorii^ the prlmiatie coefficient corraotion 
corvo (^gure X ) with tho H/o rr^tio nM eeleeting the correepondis^ 

correction factor which when t&en multiplied by the original C|^ 

gives tho corrected v.'OLue of 0_ for use whan entering the stability 

s 

pammoter diagrams. Xn order to account for the contribution of 



•hear to tho carre of Btatlenl the depth nnidshlpa lo 

dtruiged to a new ralue by aeoxiB of the following enuatlont 



D eorreotad - X C corrected -»• D (1) 

• o p 

wherei 37 - sheer forward In feet 

SA I eheer aft in feet 

with the eorreoted value of D c'dculate H/d and D/b* The valuee 
used for argoaents In entering the stability pamiaeter diagrams 
aret tho corrected Cp» and the values of H/O and B/B calculated 
with the value of X> corrected for eheer. In general the H/b and 
B/B values will fall between the tabulated values. Thereforoa a 
double Interpolation will be rentdred as indicated in the example 
calculation (Table S ). Tb^ result will give values of righting 
am divided beam (K2 /b) for the eix angles of Inclination listed. 
To get values of righting am referr<^ to the estimated vertical 
location of the canter of gravity the following equation le useds 



OZ 






X B - sin & 



( 2 ) 



idieret OZ - the rli^ting arm in feet 

^^B 2 the dimensionless stability pammeter 

B B the beam of the ship in feet 

IQ 9 the distance of the center of gravity 
of the ship from the base line in feet 

6 2 ^ given angle of InoUnatiLon 

This caloulatlon may be performed as Indicated in the tabular 

fora of Table “JC • 

An exDlanation of the C and sheer corrections will now bo 

P 

given* Ibo values of longitudinal prismatic coofficient (C^) 
on the stability parsmeter di scrams are those for hull forms having 
assumed designed dr^fWepth ratio of 0.625. 7or exasiple the dia- 
gram for b/B s 0*52 and E/b a 0.45 is strictly onl^or a hull form 
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with a loi3filtGdinal pslsraatio coefficient calcalatcd for H/D m 
O 0625 , Init which is floating so that H/d g 0,45* Kow if the ship 
for wfildh a curve of statical stability is desired has a designed 
H/s of 0.45 and the known value of Cp in for that H/s mtio^it 
will be necessary to correct the to tho value it wuld have if 
the ship were floating at an H/D of 0.625 in order to use the 
diagrams correctly. The prismatic coefficient correction curve 
gives the approximate correction. It is approxiraate because the 
curve is based on the change of CIp with dmft-denth ratio for a 
Ttgrlor*e Standard Series hulle which except for coincidence, %rlll 
not be identical with a ship picked at rondom. 

^e necessity of a corroetion for sheer is of course obviouso 
When the deck edge becomes immersed progresslvoly deepe^ the greater 
the positive sheer the greater will be the righting Moment ara of 
the immersed volume. Basically eouation (1) is derived from the 
area between the outside of a parabola nnd its enclosing rectangle 
vAiich is enual to l/3 of the area of the rectangle. Assuming then 
that the sheer curve Is paraboli^ the transverse projection of the 
hull area above a horizontal line through the mint of least depth 
is approximately ecual to the sum of the sheer forward and aft di» 
Tided by six. If the were parallel 'Sided like a barg^ the 
effect of sheer on the righting am tjould be very nearly tho same 
as adding a constant increase of depth esual to that omrunt. Eov» 
over, the fineness of a ship’s ends clows the orogreosive immersion 
of the deck edge at a given rate of inclination. Similarly, this 
fineness raducos the effectiveness at large angles of inclination 

■ h ' • ■ I ' 

of tho sheer as an augmentation to, righting arm.? 2hniref6re,' the 
correction derived purely on the parabolic area basis reruires a 
farther reducing correction roughly proportional to the amount of 



ftnaness. i>lnoe the loseitadlnal prismatic coefficient is 

<?/ , 

approzimateljr proportion^ to this fineness at the ship's ends, 
it vaa introduced ae a factor in the correction for oheero 
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TABLE I 

VALUES OF KZ/B FOR THE BASIC DRAFT-DEPTH RATIO, H/D = 0.625 

B = 7.12” 





Cf = acc , 


V -.214 


s o.< 4 , 


c^= on 




C,»~ 0 .h 3 




6 


KZ 


KZ/b 


IZ 




KZ 


xz/ 

B 


KZ 


1V3 


20/ 


' ia6 


.163 


1.17 


.164 


1.17 


.164 


1.17 


.164 


39 / 


2.23 


.313 


2.16 


.304 


2.22 


.312 


2,22 


.312 




' 2.89 


.406 


2.88 


.405 


2.88 


.405 


2.90 


.408 


67 / 


' 3.31 


.465 


3.32 


.466 


3.29 


.452 


3.29 


.452 


79 / 


1 3.51 


.493 


3 . 5 > 


.492 


3.^5 


.485 


3.45 


.485 


90 


3.53 


.503 


3.53 


.496 


3.48 


.489 


3.41 


.479 



B = 10.00" 







^3 304 




<>»a 7 i. 


38 a 


Cp-o.FO^ 7’443 




KZ 


“/b 


KZ 


“/b 


KZ 


B/j 


KZ 


“/b 


15 


1.11 


.111 


1.14 


. 11 > 


1.16 


.116 


1.16 


.116 


30 


2.22 


.222 


2.26 


,226 


2.28 


.228 


2.31 


.231 


^5 


3.04 


.30^ 


3.07 


.307 


3.09 


.309 


3.10 


.310 


60 


3.52 


.352 


_ 3-50 


.350 


3.53 


.353 


3.49 


.349 


75 


3.71 


.371 


3.73 


.373 


3.67. 


.367 


3.62 


.362 


90 


3.58 


.358 


3.53 


.353 


3.48 


.>48 


3.^1 


.341 



B = 12.30" 







^s374 


C^aa<4^7>43< 


CfO .71 




Cp - 




0 


KZ 


B/j 


KZ 


«/b 


KZ 


“'b 


KZ 


“/b 


12 . 


1 1.14 


, 0,93 


1.18 


.096 


1.19 


.097 


1.20 


.098 


24 .' 


> 2.34 


.190 


2.26 


.184 


2.42 


.197 


2.38 


.194 


39 . 


. 3.20 


.260 


3.23 


,262 


3.29 


.267 


3.33 


.271 




i 3.75 


•305 


3.76 


.306 


3.74 


.304 


3.70 


.301 


71. 


' 3.86 


.314 


3.91 


^ .318 


3.88 


.316 


3.79 


.308 


90 


3.58 


.291 


3.53 


.287 


3.48 


.283 


3.41 


.277 





Table II 



oAl^PLE COI,lFUTATIuN 



C/LGUL'TIOr: 5ITS2T KOH PnBDICTITO / CURVE OF ST.'TIC/L ST/BILIIT 



Note; Cp corrected used In depth correction. 



SHIP CH,'R/CT5RISTIC3 




CORRECTIONS 


Name Victory Shlu 




Sheer Correction; 


Skin Tvne Maritime Comm. 


,Yg2 


D ■■ 5 4* S 


14/ 




corrected F / „ « 

5 • Cp ♦ “ 


LBP 


436' 6" 


- — '(o.69i 


LV.-L 




® +38 


Beam, B 


62 ' 0" 


- 39.27 


Draft. H at A- 11^600T 
Depth imidsbipe, D 


- 221 -6.'! 


Cerredted H/D - 57 ^ 


38' 0" 


Long. prlBmrtio coeff. oorrectioa 


Sheer (ino. of depth 


4 ' 


from curre: ii/i> ■ 0.^93 


emldshlpa) Fwd., S_ 




/.A|‘f 


/.ft, 3^ 


2 ' 


Cp - ( Jrr±d4 )(.682 : 

corrected 


Long. Priam. Coef., Cp 
Height of c.g. , KG 


0 .682_ 


- 0.692 


22 .0' 




02 - ^oB - KG eta © 



(Assumed KG used in Cross Curves) \ ~ ^ 

Ptrcmetars for entering dlfgrims; Cp ■ .692 ; H/D ** , 573 ; D/B ■ » 



K2/B for D/B - .52 


K2/B for D/B - .64 




® - «? 

TT *2 _ 


1- 


S- . 573 




” - 5 


H . 6 




15* 


.112 


.115 


.114 




.114 


_.ii5 


.115 


?o 


.244 


.226 


.231 


30 


.231 


.227 


.228 


♦5 

60 


.308 


.290 


.295 


45 


.325 


.310 


.314 


•333 


.315 


.320 


60 


.370 


.356 


.360 






aii_ 


.319 


75 


.382 


.372 


.375 


50 


.291 


.286 


.287 


90 


.358 


.350 


.352 


9 


elm 0 


fM/0^.57 

•r''^«yfi=.63 


3 

3 


ki - ^-e 


KG aln ^ 




<2-K^Si>£) 


GS from 
Dross CurT"> 


JlsI 


o.eso 


.115 


7.13 


_ 5.7 


1.4 


1.2 


?0 


n.ijoo 


.228 


14.15 


11.0 


3.1 


2.8 


45 


nr>n 


.313 


19.4 


15.5 


3.9 


4.0 


60 


.t ncc 


.358 . 


22.2 


19.0 


3.2 


3.6 


_2i 




-372. 




21.2 


_ 1.9 


2.2 


90 


loOOO 


.348 


21.6 


22.0 


- 0.4 


0.6 



S. C. Thoapaon, Jr., A. F. Hubbard 
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Figure II 
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Figure V 
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Figure VI 
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Figure VII 
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Figure VIII 
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Figure IX 
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Figure XI 
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Figure XII 
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Figure XIV 
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Figure XV 
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Figure XVI 




Th« part of the rosolts consisting of tho oot of stability 
data designed to m^ent the is.’ork of Heferaneo ( 6 ) will bo 
considered first. i!he aceoracy of these data la considered to 
be at least as groat as that of ^^feronce ( ^ ). The preeent 

writers used fire waterline s spaced one»half inch apart t»iiereaa 
the Reference authors used four waterllnee spaced one inch apart 
when integrating for tho basic stability data. This gave one 
toore point for fairing in the cross curres of stability resulting 
in increased accuracy. Beyond this chai^ it is bollerod that 
the procedures used for expanding tho basic data to the ▼arlcus 
longitudinal prisnatlc coefficients and dopth-benm ratios were 
in general the same ae used by the authors of Refereaee ( C )• 

Using the accuracy of the basic data resulting from tho Integrationi 
of the parent fos^ as a standard of comparison It is believed little^ 
if any* accuracy was lost in the method used for expansicn to the 
varioTUS longittidinal prioraatle coefficients. This method* altho^h 
granMcnl, was direct and required the drawing of a number of curves 
of sectional areas and moments of areas* the fairness of which curves 
served as a cheek on the aectzracy of individual points. Also the 
cross curves of stability and curves of statical stability plotted 
from these data were satisfactorily f^ir. (figure® 'XKVi %oiO(XYl&c 
However* the method used to expand the data to the dlfferont depth® 
bemn ratios was not as straightforward, ifbr instance* it renulrod 
tho det ermination of the perpeTJdicular distance from the Inellnsd 
waterline to the center of buoyancy of tiio Immersed portion of the 
hull for each transverse expansion. value* in Table* K XiJ j) . 

These values ware found by drawing dlaplacemont curves ftiv tho in- 
clined posltioma Ci'^igUKss XX £21 » V ) » then dividing til® 



areas a1>ove tho etarres ^ corre^ondin^; voltiinee of dlaplaoe^ 
oent. In droving these eorres there was no dlupleoament datn 
amllahle helov the Uo. 3 W.L. vMd» meant fairing the currea 
from there down to sero displaeenent eye. Of coureot, there is 
not mnoh varlrtlon possible in the shape of the oiarvet between rfo. 3 
W.L. and zero so that any error resulting from this eouroe is pro» 
bably not large. When the cross correa of stability and the eorree 
of statical stability for the transversely expanded data were jAotted 
th^ required considerably more cross falrln;? than for tho original 
depth-beam ratio data, thus indicating that &n fact there had been 
some error Introdaeed, However, the cross fairing procese betwseo 
the two sets of carves should have r^soved most of the erxror from the 
final data. 

Turning to the second part of the results, the beet way to ^eoik 
on the reliability of the method devised for the prediction of a curve 
of statical stability is to tiy it. Uhls was done for four ^ips. 
selected at random, for uhi^ standard cross corves of stability were 
available. Calealations for the prediction of the curves of etatical sta- 
bility were made using only the longitudinal prismatic eoafflcients and prin° 
oipal dimensions of the ships in question, exactly as could be done is pre» 
liminary design prior to d^ineation of the lines. &>&parisons of 
ths predicted corves and actual curves are shown on Flgores XVXX end XFIII. 

In each case the predicted curve and actual curve are for the same aset^ed 
V83rtlcal position of the ship's center of ffnvity, 

A conoidemblo range of sliip types is repres^tcd by the four ships 
seleotedt a large PS-type passenger ship, a C3 nnd a 7C2 cargo ship, 
and a tanker. A elDDltnneous ooc^parlson of the curves for the fo\ir 
ships reveals a msabcr of interesting facte, the most striking of 
which Is the retaarkably good o^eessnt between ths predicted and 



nctoal corves for all the tnxiker. Bali^ the misfit* the tanker 
will recelTe first consideration. Actually* evm for this ship 
the een-’rol shapes of the predicted rund actual ourres are Tory 
similar* the main discrenancy bolns in the vnluo of nazlmua 
righting arm. Hrao ina not pestaittca n rJgoroou tn'^estlgatlon 
Into vhy this disagroement exists for the tanicer when the other 
throe ships agree so well* hat there are many reasons uhy it can 
exist. Rollr^ out the possibility of an error in tho actual carve 
as improbable* the diseuoelon will be confined to possible oourcer. 
of error in the method for predietii^ statieaX stability. Varifv. 
tion between the bull shape of the tanker and the corresponding 
hull obape urion which the predicted curve was based la one posei* 
bility. However* there doesn*% appear to be any particular cheraeto^'^ 
istio of a tanker hull that is more at variance with Tnylor*o jtaJGdard 
Serlea than might be the ease with the passenger and cargo ships, 
therefore* variation In hull shapes is not believed to be a ma^or 
factor. A more likely eource of error is due to the methods \ascd 
in expanding the stability parameter diagram data from the basic 
As explained before* due to approximations In the me&od of transverse 
expansion* accumey near the upper and lovrer limits of depthp>beam ratio 
ie probably not as good ns for the basic Taluo. Also in eonverting 
the data to draft-depth ratios in even tenths for tli© purpose of 
faeilltatii^ interpolation cf the stability parameters from the dia- 
grams* the fbllotrlng dcscrlbod approximation was used in order to 
eonaervo time. £br purpose of selecting the proper stability 
paraiaeter values from the cross curves to draw the curves of statical 
stability of Figures to XKKVli * from ^ich in tom data %ras 

taken to construct the stability parameter diagrams. It was necessary 
to Jcsaw the ctiaiJlaesfaeiit in feisaa aris-a correspemlug to tii« new even^ 
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tenth dmft»d«pth mtlOo Xn expanding to varlooe longltudlnnl 

priematle eoefficienta the displneement at a given draft*depth 

ratio ia proportional to the coefficient* Ihe approxlaatlon aade 

voa to asaorae ttiat the displacement at eac^ drnft»depth ratio was 

proportional to the longitudinal prismatic coeffiolont for the 

basic dr.'afWepth ratio* A spot <^eok of the error Introduced 

by this anproxlcaation was mode by computing the displacement In 

thle Banner for the number throe vaterlixio using C. for tho number 

P 

4 vatorline* and comparing €iis vith the actual displacement from 
the dlsplaceaent curve* Tho recultlng error in displacement vao 
about of the correct value* Therefore* considerlx^ the peoelblo 
introduction of errors duo to this anproximatlon* as mil as further 
errors due to the method of transverse expansion* It my be soon 
that the farther we deport from the basic B/c value of O1625 and V /3 
value of 0.64 the greater the probable error In the stability para» 
meter* For the tsnker e/d 3 0*775 and O/B • 0*543 uhl<^ are near 
tho upper and lover limite respsetlvely of these ratio ranges* Thus 
it is possible that errors are additive in this ease* 

A hhird and very likely soiuree of error is due to interpolation 
between b/B values* There are large differences In tho stability 
parameter between successive the B/b values used on the stability 
parameter diagrams* Whether or not linear interpolation between 
b/B values is pemleslble* has not been checked* Therefore this 
introduces another poeeiblo error* 

Lastly, it will be remombored that the method of corroctlr^ 
for deviation of tho actual dmft-depth ratio from the basic value 
of 0,625 Involved nn approximation. For the tanker K/b « 0*775» 
Therefore, the corrected Cp in this case la possibly not too close 



to tha vnliffis it sl«>uld haw. 

2a ▼!«» of the nvssber of pooolhla eraora la the detemlnatloa 
of the predicted curve of statical etahilit^ it lo diffletilt to ea^ 
v'hether the discrepant 1 b duo to aa Inhoront favilt In the method or 
duo to an additive eccuaul -tion of pooalhle orrore» re&ulting not 
from the haslc method* "b&t from the aoproximatlon made neceesart 
ht the limited time available to put It into a form suitable for 
trial. Tti& latter thou^t is Ibnte out by excellent correlation 
of predicted and actual rosulta for the three chlpo* o^er than 
the tanlcor vhoso 2>/B and H/d mtloa are much elooer to basic 
values. It must be remer^bered ^at the me^d as presented herein 
is not designed to bo a finished product but only an example of a 
T>ooslbility. ?he fact that under the circirastances three out of 
four trios produced satisfactory results la an indication that the 
method has good possibilities. The results further indicates that 
It la unwise to spread the data from on© basic foriii over so great 
a range. In this case if th® data had been erpanded osily sufficiently 
to cover th© passenger ship and the ti#o cargo ships* tli© results vrould 
have been considered excellent throughout. Then if a new rai^e of 
data were developed bneed rn dimension ratios closer to that of the 
tanker* there Is no reason to believe that It vrould not give good 
results for tank©r-^ype hulls. Also it is possible to expand data 
more accurately than tjas don© here. In the transverse expansion to 
various D/E ratios th© ciirvos of displacement In the inclined posi- 
tion could be taade more accurate by measuring 3over?>l dleplacements 
at lower %Pitcrlines* By constructing displacement curves for the 
hull In the upright position for each value of longitudinal prismatic 
coefficient, the approximation made hare In interpolating for stability 
data at the even tenth drafWopth ratios would be avoided. 



ileturmag now to the conparison of tha predicted ^ actu^JL 
curre# of statical stability it will b© s®an that the predicted 
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curves faithfully reproduce the typle-l characteristics of statical 
stability curves, i’or instance* the VZ curve gives the concave 
upviard slope at the lower hoel angles which is associated with 
high-sided ships of relatively low initial stability. It also 
predicts ouite closely ths relatively l^rge angle of Inclination 
at which the maslcmra righting ara occurs on ships of Ifurge free- 
board. 'Tupnlng to tanker curves, vr© find the tyolcal steep 
slops at the origin Indicative of the large initial stability r»» 
oulred of vessels of low freeboard. Also In this type of ship, 
the relatively low angle of hoel at which tho mxltsun rlghtli^ 
am lo reached is clearly shown. 

One feature characteristic of all the predicted curves is the 
oreeBslve value of righting arts oa the upvajpd slop®. The aost 
likely esplanatioa for this condition lo that all of the four ships 
have aldshlp section eoofflcionts greater than tho Tay3.or*s iitandard 
Series hulls on whi(^ the data is based. Esperinsentlng with sketches 
of Bidohlp aeetloaa of hard and easy bilge curvature superitapoBcd on 
each other, indicates that the shift of btioyant volaao toward the 
low side of an Inclined ship ie greater for the fom v/lth easy bilge 
curvature, which of eours® correspor^s with a lower nldshlp section 
coefficient. Therefore It la very probable that the v-’luc of th« nld- 
ships section coefficient has a noticeable Influeac® on ctatlcal star- 
bilitjr, and tlint the deviation froJfi the actual curves on the upward 
slopes lo duo to the increase In midship section coefficient of tiie 
various ships above the value for the onront Taylor’s standard dories 
hull. 

I* will ba 'bat 'J.© af the parameter 



dlQ£mm« ore all straight lines. Ihe stability parameter points Ibr 
the basic D/B ratio of 0,64 plotted so ncnrl7 in strai^t lines 
that no trend of carratttre could be identifiod. Therefore the lima 
%fere drawn straight, For the S/B ratios of 0,52 and 0,90 there was 
a wider deviation of the plotted points from straight linos* How» 
ever, again no recognisable trend of curvature was noticeable UTsd the 
lines were drawn straight tiiipugh the mean position of the various 
points. It is believed that the greater dieperelon of points In 
the 0,52 and 0.90 b/b diagrms was another indication of error due 
to the method of expanding dnta to the different B/B ratios. 
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VI 



The follo^iJ2 coRclusiona ar© drawR froa fii© jpesulta of 
this thesis: 

!• It is tjooslhlo to orodict the statical stability 
characteristics of a ship In tho prollrainary dealgn 
stage using only principal diraenaions and hall co® 
©ffldonts. 

2, *1316 laethod derived herein for predictins stability 1® 
easy to as© and io capabl© of accuracy eoaiparable t?lth 
that dth which other ship eharaeteristica may be so-, 
tlraatod in nroliolnary $l©ai®a. 

3* ihc statical stability eharactoriaties of shins of normal 
fora depsM more upon principal dimensions and hall co- 
efficients than ttnon the minor variations in hull fora 
posBibl© uMer a given set of principal dlraonsions and 
hull coefficients. 

4, Th® sirapl® ratio of righting ana divided by beam is a 
satisfactory disensionloss paraaetor for use in alottlng 
and presenting ctability data. Therefore# complleatione 
ftdclcd by the introduction of Eataceatrle hoi^t or aeta- 
centric radius Into a cysteu for nrodlcting statical sta» 
bility in prellminasy design nr© imwarmntod. 

5, The effect of sheer on the rlghtljig ara at angles vdiore 
the deck edge ie liaaereed is too great to neglect even 
with the comparatively aporoxiaate results desired In 
preliminary design. 

6, The procedure used herein for ©spanding stability data 
to different depth-boas ratios does not give an nociaracy 
of results coTspaxable witJi th® accuracy of th© basic data. 
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In Tiev of the results of this thesis it is baliered that 
as iffinroTSd method for predicting stntieel stability of ships in 
tho preliminaxy design stage may be produced by basing it on the 
methods of this thesis as modified in the following procedure} 

1» Compile one set of stability parameter diagrams for 
each major type of Tessel desired to be included in 
ttie method, for example most nassenger ships t cargo 
ships and tsnkeirs fall under tho general classification 
of high midship section coefficient •«. eruiser stem 
type of wessel which one set of diagrams should eorer. 

A ^coi)d general classification mi^t be tho lower mid- 
ship section coefficient — transom stem type of naral 
▼essele. 

2. for each major type select a basic hull form most nearly 
representing a mean of the range of forms included in 
that type. Craw the parent body plan of the hull using 
10 station intervals with half spacings in the end inter* 
vals. eliminate sheer. 

3. expand transversely the offsets of the parent body plan 

to give two adc'iitional depth-beam ratios above and below 

the basic parent form value and draw the four new body 

plans. IMs gives five body plane of different c/B ratios 

but each with the same C • 

P 

4. Integrate mechanically the five body plans for sedtlonal 
areas in the upright position and for sectional areas and 
moments of scea at 15 degree inex'ements of inclination up 
to 90 degree^ using at least five different draft-depth 
ratios. From this the upright voltsaea of displacement 



for the different dmft-depth ratios and the baale 
hull stability parameter oay be calculated. It will 
facilitate the procedure In later stages If the evenly 
spaced Increments of drafWepth ratio to be used In 
the final stability parameter diagrams are used at 
this point In the integrating process Instead of using 
eoually spaced increments of draft as vas done In this 
thesis. 

5« Expand the stability parameter data for each S/B to 

cover the desired range of C by the method given herein. 

P 

Two values of above and two below the basic value should 

be sufficient. Note that this procedure eliminates the 

transverse expansion procedure used in this thesis. 

6. Present the final data in a series of stability parameter 

diagrams similar to those derived by the present writers 

except plot versus B/B* This will permit interpola» 

tlon between values of and K/D Instead of d/s and H/B. 

The reason for this change is that the relation between 

C and Is very nearly linear and therefore lends it® 

P 

self readily to arithmetical Interpolation. 

7« To eliminate the necessity for a longitudinal prismatic coeffl® 

dent correction curve » for each at the basic H/b ratio 

compute the C_ for each other h/b ratio* and use these G 
P P 

values In the final stability parameter diagrams. Then 
the value given on each disgroa will oorrespsnd with 
the glv<9Q K/b ratio instead of with the basic R/b ratio as 
In the diagrams of this thesis. 
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8* Retain the nethod given herein for sheer correction. 

An alternate method of presenting the final data that voold 
eliminate one arithmetical Interpolation la ae follovta Plot con- 
toura of constant H/d voraua and X)/B, giving one set of contours 
for each combination of €' and C * Uion by estimating the position 

Mr 

of a given H/b value on a line of eonttant B/B, a value of 

could be determined for a given 0 end Doing the same for the 

P 

same 0 and adjacent C wUld give two values of *^^/b for a given ®* 

^ KZ/ 

\4iloh could be Interpolated between to derive the 'B for the given 
value of C^. Hile» in effeett substitutes a set of graphical Inter* 
polatlon for the arithmetical h/d Interpolations used In the present 
method* It should be noted however that the proposed system has 
the disadvantage of reoulrlng ^/b values from three times as many 
diagrams as for the original system* 
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1. £7 tatuIatliMS principal dimensions end hall ooefflelente 
for rariotts paesenger and cargo ships, the follovring ranges of data 
were decided onont 

Cp 5 0.55 to 0.00 

H/£ m 0,1*3 to 0.80 

0/£ 3 0.52 to 0.90 

2. A hasie hull, using Baylor's Standard Series was selected 
with the following characterlstlcet 
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0.55 
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10.00“ 
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15.00“ 
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e» 


6.bo“ 


H at LWL 3 4.00” 



The body plan for this basic hull was drawn (Figure XX ) « 

3» Using an integrator, there were obtainei areas and first 
fsomenta at stations 1 ^?ou£^ 10 far the basic hull up to waterlinest 
3**t 3l"* nad 5^, and at aisles of heol of 0®, 1^, 30®, 4^, 

60®, 7^, end 90®« The exlB for moments was tahon ot the intersection 
of the baseline and the ship’s centarllne, point K. When it was 
necessary to shift the axis of momenta abore K to some point "0" 
to facilitate integration, the righting arms so determined were 
corrected bach to the reference point "K" by adding to each KO sin&, 
where €> is tho angle of inclination. These data and coiapntations 
were recorded on a epeclal form made up for the purpose, for a somnle 
of which, see Table (ji . A displacement cuiare for the basic hull 
was constructed using data for the upright position, (Figure XX i ), 



w 



m 

4, Uaine the valuca ©f KZ nnd tholr coryespondlng Toluraea 
of diepl&cementi computed in 3 above, cross curreo of stabilltF vers 
©lotted for the basic hull, for angles of 1^, 30®, 4^, 60®, 7^ 
and 90**, Using voltsaes of displacement eorrespdndiT^ to H/d ratios 
of 0,45, 0,50 0 0,60, 0,70 arid 0,80, statical stability curves were 
drawn, (Figure 

5* ^o next step was the expansion of the parent hull to 

Qp*s of 0,64, 0,71 and 0,80, as illustratod in Figure XXI/ • 

This vEis accomplished by superimposing upon a curve of sectioxtal 

ere&s for the hull vdth Cp s 0*55» e curve of sectional area of a 

hull with the new C , From the intersections of the original st»- 

P 

tions with the C « 0,55 curve, horizontal lines were drawn to the 
P 

new CIp curve. The intersections with the new curve located a new 

station spacit^, indicated on Figure XXII by the primed numbers. 

Curves of sectional areas and moments were drawn for all the 

aisles and all the wnterlinos for eadi new C^, using the new station 

spacing to position the ordinat-^^^ and the original values of areas 

oM moments. The areas and moments were then tabulated as read from 

the curves at the original ordinate spacing. Figure XXI| shows the 

cunros for orily one angle of Inclination and one C , but is illus* 

P 

trative of the procedure used. Data and calculations were tabulated 
on a epeeiol form made for the nurpose, a sample of which is shown 
in Table Vi 1 1 » Using the values of as calculated in this table, 
cross carves and statical stability curves were drawn for the hullo 
with C^*o of 0.64, 0.71, and in like manner to those drawn for 
tho psrent hull (Cp « 0,55), Figures XXXl to XXX Hi), 

6, A method of transverse eynansion was®®'' used to expand all 
data previously obtained for models with 10,00" beam to models with 
7*12" beam and 12.30" beams, so that the final data would include a 



range o.r Tift- ■ c'o3^' i- < o 

Car?89 af displacamsit In tho inelJnefl pooitloR fox* eacii 
Cp end each angle of h©ol wore djKiwn (•ice figure ^11 1 t® X>^V)o 
Prora these e-orvee* values of inel?.nad draft were ohtnined for H/d 
ratios of 0,i4^5o 0,5>» 0«6o* 0.70 and 0.80. Also using these curvee 
end a planimeterg areas abovo waterlines correBponding to the fore^ 
going H/d ratios for each curve wore computed. These areas divided 
by eorrespoi^ing dlsplacsnient volisas. V » gave P^Bj^ for each C^o 
angle of heel, mid value cf H/D. faM® IS tshows a saisplo 
cofflputatlone Using these values and a ecale, values of K, Z, ar^ 

3. B were obtained graphicrlly. 

Figure SIS and (b) shown how the basic hulls were es>> 
pasded transversely, (a) represents the midship section of the 
parent hull, of depth B. and bean B. (b) represents the midship 
section of a hull ^os© beam has been expanded by a factor. . 
but those other ehar'>eteriofcics remain the same. If for the present 
hull, the inclined watorliiie ^ drawn for the model Inclined 

at on at^lo and 1^2^ &nd nre luiown, tiie distance SlBj con 
ba aeasurcde 

For the ©xpsndM hull* an Incllaed vraterltn®. drawn 

so that vertical distances s? hg arfi ^ s 6z' distrme® 

S 2 B 2 is laid off s© that S 2 E£ s (X)(s e ® 0 ) c where is located 
by the relations Kj Sj st ^2 ^2 * proof of which ie as foilowa. 

Hefer ta Figure KIK • 

If all dimensions of ship (b) are identical with those of 
ship (a) except that all half breadths of (b) are ineraaued abovo 
those of ( 0 } by a factor A . (K3)g s by Inspection, ^hea 

ship (a) Inclines to Ii/ vertical moveiaoat I Eg of the initial 
position of center of buoyancy B may be found by the principle of 
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Figure XIX 
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Eionsat t^asiefop as follows* 
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A perpendicular to dsr^m through looatos Z^, and 

distance ^ 2 % isoasured* ^Xs distance is the rioting 

ara for an inclination ©f ©2 ®spauslcd hull* Bio value of 

©2 ®ay he obtained graphically by rasans of a protractor, or analytic©! 
ly by Bssas ©f rolatlom tan &g o ^ t«p Biia accounts for 
the cdfl snglss of inslinatloa found on the cross curves for 3 $t 7*!2** 
&12,30«. 



In the application of this isetkcd used to obtain data for besisc 
of 7.X2" sM 12,39«, SgBg, and aial 333^ and wore obtainad by 

raultiplyins S^Bx nad^by ^2 ^rospectivoly, where A2 g ^2/2^ 
oad g Values of and were obtnlnsd by rotatins 

^n amoun# eo as to keep h^ g 1^2 * ^2* 

peated to obtain values of ^ ®3* ^'® ^abulatsd 

in Tables X • to xi 
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Csress euryes nsjd otaticol curvtae wars draim for 

the Taluoa of KZ thus o'btainad (S*igure3 to 

7« yigttPo* to shov th© cross corves and statical 

stability corres for the twelve hulls obtained froa the parent hull 

by throe lon^tudlnol omonsions and two transveroe oxpnnalonoo 

froa these twelve sets of curves* twelve tables (Tables XtV to KXV) 

vsrs aade ud» llstlns values of XZ and KZ/b for eaeh C and each beasie 

P 

8» Based on the tables referred to above* fifteen Bightine Axa 

Farsaeter Diagraas were made up (Figures II to >'V'I )• These 

iWremsnts 

diagrassa of OZ/B versus 0^ for constant ^asaaat e of 6 are for values 
of d/s rangins 0*h5 to 0,90 astd D/D varying from 0*52 to 0.90. 

The Cp rango la fro* 0,55 to 0,80 and 0 froa 0® to 90®» 

9« A oorrective curve (Figure X } vas up to bs epplisd 

iN 

to Op before entering in the fiightii^ Ana Parameter Olagraas. This 

curve was mads up by oocsnutlng values of 0 for B/D valu* within 

P 

the range covered in the par^saeter dla^trams* by dividing volume of 

displac^ent to a given waterline by tlie product of leng^ times 

the midship section area to that given waterline* The ratio of 

at the 4“ waterline to the C «jmputed ne above for some other waters 

P 

line gives the o)rrnction factor* 

10* A fore was made for use with the pcaraaster diagra^ referred 

to in *'9** above* A sample computation using this form Is shown 

in Table ^ • Colculntiona using this form and the parameter di^^ 

grams were performed for four different shine* The results of ^ese 

calculations wero statical stability curves* These carves were 

plotted and cofspnred vdth those inclined in the ships* plena and 

o^4 

ooaputed by conventional methods . Figures XV'il to XV Ml show a 

A 

comparison of the etattool stability mrves obtained by the two 
oethodsi e*g. that based on the parameter diagrams of this thesis 
and by the conventional cie^d* 
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Figure XXI 
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WiHA FOR CK033 CUHV^Ja C s 0#64 
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